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ABSTRACT 

A series of experiments(8) were undertaken at The 
University of Alberta Swine Unit to determine the 
replacement value of Canola Meal(CM) for Soybean Meal (SBM) 
in the diets of starting(6-20kg liveweight), growing 
(20-60kg liveweight)and finishing(60-90kg liveweight) pigs. 
The effect of flavor additives on the feed intake of diets 
containing CM was also Studied.A total of 712 pigs were used 
in these studies. 

Diets were based on barley and wheat and CM replaced 
0+25,50,75 and 100%e0f the protein, supplied by ‘SBM on an 
isonitrogenous basis. 

In the first three experiments (Section A) the 
replacement value of CM in the diets for starter pigs was 
Studied. In experiment one, the results indicated that with 
3wk-weaned pigs fed to 10kg liveweight on 20% crude 
protein(CP) diets, average daily gain(ADG) and average daily 
feed(ADF) were reduced(P<0.05) when CM replaced more than 
50% of the SBM protein. The performance of these pigs was 
Significantly reduced when CM replaced more than 25% SBM 
proteinginean: 18% CP direty fed to they pigs: from W0r to 2Z0kg 
liveweight. In experiment two, pigs were weaned at 3wks and 
fed 20% CP diets to a 20kg liveweight. The results showed 
that CM can replace 25% of SBM protein without significantly 
affecting pig performance. In experiment three, ADF and ADG 
of Swk-weaned pigs fed on 18% CP diets were 


depressed(P<0.05) when CM replaced more than 25% of the SBM 
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protein. Feed conversion efficiency(FCE) was not affected by 
the level of CM in the diets. Regression analyses of the 
Pesults 1Of thesemstarting pig “experiments indicated @that 
Eéplacement of 25% SBM protein by CM protein (8% CM in the 
diet) did not reduce the performance of the pigs fed CM 
Supplemented diet. 

In two experiments (Section B) the effect of flavor 
additives on the palatability of CM supplemented diets fed 
to 4-wk weaned pigs was studied. In experiment one, results 
showed that feed intake of pigs fed diets containing 100% CM 
with flavors added was significantly higher than that of 
pigs fed the 100% CM diets without flavor. In experiment 
two,in a single stimulus trial, pigs consumed more(P<0.05) 
of the flavored diets than the non-flavored diets. 

In three experiments (Section C), the replacement value 
of CM for SBM in the diets of growing-finishing pigs was 
Studied. The inclusion of up to 75% CM as a replacement for 
SBM protein did not significantly affect the performance of 
growing (20-60kg liveweight) pigs.The number of days to 
attain 60kg increased as the level of dietary CM increased. 
No significant differences were found in the digestibility 
coefficients of dry matter, protein and energy. Plasma 
levels of the thyroid hormones were not significantly 
reduced in growing pigs fed these diets. Dietary level of CM 
did not significantlyvaffect the performance of finishing 
(60-90kg liveweight) pigs. Canola meal levels did not 


dredulhyrattect “any sobsthe carcassipanameters studied. 
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1. INTRODUCTION 

Rape 1S a member of the Cruciferae family. Two summer 
species are commonly grown in Canada:Brassica campestris L. 
commonly called Polish rape or turnip rape and Brassica 
napus L. commonly called Argentine rape. Although B. napus 
waS initially the major species grown, the shorter growing 
period, greater drought and shattering resistance of the 
pods during harvesting of B. campestris has made it the 
cultivar of choice in the northern areas where the bulk of 
the rapeseed production is concentrated(Downey and Klassan, 
POT) 

The limitations imposed by glucosinolates and erucic 
acid in rapeseed have provided a major incentive for plant 
breeders to develop varieties of rape with reduced amounts 
of these compounds(Bell,1982).Since the discovery of the 
low-glucosinolate variety Bronowski in 1967, there are 
available commercially in Canada at least six double low(low 
erucic acid, low glucosinolate) rapeseed cultivars: Andor, 
Regent, Tower, Altex, Candle and Tobin. The oil and meal 
from these varieties is called Canola because the oil 
contains less than 5 percent erucic acid and the meal 
contains less than 3mg per gram of glucosinolates. 

The commercial production of Canola in Alberta has 
increased rapidly during the last decade, from 0.8 million 
hectares to 1.01 million hectares (Statistics Canada 
1984a).The availability of large supplies of Canola has 


resulted in the development of an oil seed processing 
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industry based primarily on Canola. In 1983, production of 
Canola in Western Canada was 2,687,000 tonnes which yielded 
anocul, 1,06')-365 isonnes. of orl “and 3620.26 1 tonnes oF 
meal(Statistics Canada 1984b). Canola oil now supplies 
approximately 50% of the oil used by Canada's edible oil 
industry (Mag,1983). The meal, a by-product of oil 
extraction, 1S used aS a protein supplement in diets for 
livestock and poultry. 

Limitations to the use of Canola Meal (CM) in livestock 
and poultry diets have been due to the presence of 
goitrogenic subtances derived from the enzymatic hydrolysis 
of glucosinolates. This, coupled with the low digestible 
energy, high fiber and tannin levels, reduced feed intake 
due to palatability of the CM supplemented diets and lower 
amino acid availability have limited the inclusion rate of 
CM in the diets for pigs and poultry. 

Numerous studies have been undertaken to determine the 
optimum inclusion rate of CM in Swine diets. There is a lack 
of concensus as to the optimum level of inclusion of CM in 
the diets of young pigs. This 1s due in part to differences 
alias 
1. methods used in producing the CM; 

2. the age and weight of pigs used in the test; 

Se tne aduratcironeot, the test: 

4, the composition and nutrient levels of the diets; 
5. the number of animals used in the experiments; 


6. the method of feeding:ad Jibitum versus restricted. 
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Based on inconclusive data, Bell and Aherne(1981) 
recommended that CM can be included in pig starter diets at 
LEVELS TUprto U2epercent and itorme@rowing-—finishing pigs 10° ‘to 
LS percent of the diets. 

The following studies were undertaken to determine the 
optimum levels of inclusion of CM in the diets of starting, 
growing and finishing pigs and also to determine if flavor 
additives might increase feed intake of starter pigs fed CM 


Supplemented diets. 
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2. LITERATURE REVIEW 


2.1 NUTRIENT CONTENT OF CANOLA MEAL 


2.1.1 Protein and Amino Acids 

Canola Meal (CM) may contain 35 to 39 percent protein 
(Bell and Aherne, 1981). This protein content may vary with 
cultivar, growing conditions and processing. The crude 
protein content of CM from candle is approximately 35 
percent while that from Tower, Regent or Altex is 38 to 39 
percent (Clandinin and Robblee, 1981). 

The amino acid contents of both low and high 
glucosinolate canola varieties do not differ appreciably 
(Clandinin and Robblee, 1978). Lysine is generally the first 
limiting amino acid in pratical swine diets(NAS-NRC 1979). 
Canola meal protein is lower in lysine and higher in 
Sulfur-containing amino acids than soybean meal (SBM) (Bell, 
1975). The processing methods used in the production of CM 
can affect the level and availability of lysine in the meal. 
Clandinin (1967) reported that rapeseed meal (RSM) produced 
by prepress solvent or solvent extraction is higher in 
available lysine than expeller type meals. According to 
Clandinin (1967), the differences in lysine content are 
mainly attributable to the reduced heat damage occurring in 
the solvent extraction process. 

Both ileal and fecal amino acid availabilities of CM 


for pigs are lower than those observed for SBM (Nwokolo et 
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lysine and threonine in CM is approximately 10 percent lower 
than the lysine and threonine in SBM (Sauer et al. 1982). 
Fenwick (1982), suggested that if CM is used to replace SBM 
on a weight-for-weight basis then lysine supplementation 


would be required. 


Zale 2a be 

Canola meal contains a subStantially higher crude fiber 
level than SBM and this may contribute to the lower 
performance observed when CM is fed as the sole protein 
Supplement in diets for pigs (Aherne et al. 1977; 
Castell 1977). The euude’ fiber@iitevel snot) cM mange from 4 to 
13 percent (Fenwick, 1982, Bell, 1984). Values as high as 16 
percent have been reported by Jones (1979). The high fiber 
content of CM results in lower values of digestible energy 
(DE) and metabolizable energy (ME) (Bowland, 1976; Fenwick, 
1982). Aherne and Kennelly (1982) reported that French and 
Swedish workers removed the hull from canola seed before oil 
extraction which resulted in a CM that wasS more acceptable 
as a feed supplement than the CM produced by Canadian 
methods. The seed hull forms an appreciable part of the 
canola seed, thus increasing the difficulties of reducing 
the fiber content through genetic selection (Bayley and 
Hill, 1975). However, Bell and Shires (1982) reported that 
the seed coat of yellow coated varieties of CM is thinner 


and constitutes a smaller percentage of the whole seed and 
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that a reduction of about 4 percent crude fiber was possible 
through the cultivation of yellow seeded cultivars. Aherne 
and Kennelly (1982) confirmed that varieties with a yellow 
seed coat reduced the crude fiber content of the CM by 1 to 


2-percent. 


2.1.3 Energy 

Gross energy of full-fat canola seed was determined as 
27.6 KJ/Kg (Bowland, 1971). This high energy value is due 
primarily to the high (40 percent) oil content of the seed 
(Mag, 1983). The energy content of the CM, however, varies 
depending on the level of oil remaining in the meal after 
extraction and the amount of gums which are added back to 
the meal. The amount of gums added may be as high as 6 to 7 
percent uSing the expeller process or as low as 2 percent 
using solvent extraction methods (Youngs et al. 1981). Gums 
had no net effect on the digestibility coefficient of energy 
in CM by growing-finishing pigs up to a dietary level of 10 
percent (McCuaig and Bell,1981) The metabolizable energy 
(ME) and digestible energy (DE) values for CM are lower than 
those of SBM (Bell, 1984). Clandinin and-Robblee (1981), 
reported the ME value of Tower CM to be 7.9 KJ/Kg and 8.3 
Ko /ko fOr Growingeand adult poultry respectively » The 
established ME value of CM for pigs is 11.6 KJ/Kg (Bowland, 


1976: Clandinin and Robblee, 1981; Bell, 1984). 
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2.1.4 Minerals 

Chemical analyses show that CM is generally a richer 
source of minerals than SBM (Clandinin and Robblee, 1981). 
However, the presence of fiber and phytate in CM reduces the 
avallability Of phosphorus (P))) calcium (Ca); ‘zine (Zn), 
magnesium (Mg), manganese (Mn), and copper (Cu) (Nwokolo and 
Bragg, 1980; Bell, 1984). In spite of the lower 
availabilities of minerals in CM as compared to those of 
SBM, CM was shown to be a better source of Ca, iron (Fe), 
Mn, P, selenium (Se) and Mg than SBM, whereas SBM was shown 
to be a better source of Cu, Zn, and potassium (K) than CM 


(Clandinin and Robblee, 1981). 


2.1.5 Vitamins 

Aherne and Kennelly (1982) reported that CM is not 
generally looked upon as a major source of vitamins for 
livestock. However, Clandinin et al. (1978), showed that CM 
eontains higher levels of choline, niacin, riboflavin, folic 
acid and thiamine, but lower levels of pantothenic acid than 


SBM. 
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2.2 FACTORS AFFECTING THE NUTRITIVE VALUE OF CANOLA MEAL 


2.271 Glucosinolate 

Glucosinolates are present in all cruciferous seeds and 
plants (Kjaer, 1960). The name "glucosinolate” was suggested 
by Ettlinger and Dateo (1961) but the compounds have also 
been called mustard 011 glucosides or thioglucosides. The 
general structure of the glucosinolate, which was 
established for sinigrin (Ettlinger and Lundeem, 1956), is 


Shown in the following formula: 


Different glucosinolates vary only in the structure of the 
side chain -R in the formula. All glucosinolates are coupled 
with potassium (K) cation except sinalbin which is a salt of 


Sinapine (Paik, 1980). 


2.2.2 Catabolism of Glucosinolate 

The presence of glucosinolate in CM represents the 
single most important factor limiting its potential as a 
protein supplement (Hill)! 1979; Clandininvand Robbiee, 
1981). Although biologically inactive themselves, conditions 
leading eo the hydrolysis of glucosinotates yield a variety 


of sjolerodenie andi boxic compounds (Josefsson,, 1975). Six 
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glucosinolate compounds shown in Table 2.1, are of 
Significance in CM (Bell, 1984). It is these breakdown 
products which are responsible for the deletrious effects 


associated with feeding of CM (Fenwick and Curtis, 1980). 


2.2.3 Myrosinase 

MyrosSinases are a group of enzymes which occur in all 
cruciferous seeds and plants and have the systematic name: 
thioglucosidase glucohydrolase (E.C.3.2.3.1). In the 
presence of sufficient amounts of water (approximately 13 
percent moisture in the seed) (Young et al. 1981) myrosinase 
hydrolyzes the glucosinolates into a variety of compounds 


(Figure 2.1)(Sarwar et al. 1981; Bell, 1984). 
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Table 2.1. Major Glucosinolates Found in Canola Meal' 


Glucosinolate Semi-systematic Name R 
Progoitrin 2-OH-3-butenyl- CH2,=CH.CHOH.CH; 
Gluconapin S=burenyi— CH2=CH(CH2)-2 
Glucobrassicanapin 3-pentenyl- CH2=CH(CH2) 3 
Napoleiferin 220H-4-penteny1— ' CH= =CH.CH>. CH .CH> 


Glucobrassicin 3-indolyl-methyl Cur CH: 


N 
H 
Neoglucobrassicin 1-methoxy-3 me — CH, 
SS 
-indolyl-methyl 
OCH, 


,Adapted from Bell (1984) 


at y 


a Sia sneqg*t 


eigenen 
et, 


“ane of Ieel! -Lyudsaag- 8° "es 


. 


al 
L<yigasen”' >s 20q vCOSuL OE 


Figure2.1 Hydrolytic products of glucinolates 


in Canola meal’ 
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‘Bell (1984) 
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The existence of myrosinase has also been demonstrated 
byyGreer and Deeney (1959) in certain bacteria such as 
ESCHenichialcoli. = Chubb (1982) "suggested that ay portion of 
the glucosinolates in CM would be degraded by the gut 
microorganisms via an enzyme similar to the myrosinase found 
in CM. However, there is no information in the literature as 
to the extent of the activity of this enzyme in the gut and 
1t does not appear to significantly influence the feeding 


quality of properly processed canola meal. 


2.2.4 Anti-nutritional factors related to glucosinolates 

GOutrin 

Enzymatic hydrolysis of progroitrin 
(2-hydroxy-3-butenyl glucosinolate) yields 2-hydroxy-3- 
butenylisothiocyanate which is unstable and cyclizes to 
5-vinyl-2-oxazolidinethione (OZT) whiuch is also called 
goitrin because of its strong goitrogenic effect (Kjaer, 
1960). Goitrogens cause thyroid hypertrophy by diminishing 
the supply of thyroid hormone available to the body. This is 
accomplished by either inhibiting the uptake of iodine by 
the thyroid gland or preventing the binding of 
mono-iodotyrosine or diiodotyrosine with iodine to form 
Gither triiodothyronine (T3) or thyroxine (T,)-\Ochetam et 
Siete eT HUSM results. in a neti reduction in circulating 7, 
ana Ty, resulting im stimulation of the hypophysis to 
produce thyroid stimulating hormone,causing an enlargement 


of the thyroid gland. Depressed concentrations of 
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Circulating T, (Aherne and Lewis, 1978: McKinnon and 
Bowland, 1979) and thyroid hypertrophy (Slinger, 1977; 
McKinnon and Bowland, 1979) have been associated with 


feeding CM to pigs. 


2.2.5 Thiocyanate 

Thiocyanate ion has been known to act aS a goitrogenic 
compound inhibiting the uptake of iodine and suppressing its 
incorporation into diiodotyrosine and thyroxine (Franklin et 
al. 1944). The goitrogenic effect of thiocyanate ion can be 
prevented or inhibited by increasing the iodine content of 


the diet (Van Etten, 1969). 


2e2.60Nitriles 

Another group of compounds produced by hydrolysis of 
glucosinolates are nitriles. Aherne and Kennelly (1982) from 
a review of the literature suggested that these compounds 
are not goitrogenic per se, but that the end-products of 
nitrile metabolism, such as thiocyanate, are goitrogenic. 
However, Van Etten et al. (1969) demonstrated that nitriles 
are toxic to rats causing lesions in the liver and kidneys. 
Feeding autolyzed CM, which contains a high level of 
nitrile, depressed the growth rates of rats and chickens 


(Seavastava eta. 11975). 
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202.7 Tannins 


Tannins are polyflavoid compounds which tend to 
accumulate in the seeds of the canola plant (Leung et 
al.1979). Durkee (1971) indicated that most of the condensed 
tannins in canola seed are found in the hulls and that their 
removal by dehulling of canola seed has been shown to 
improve protein and energy digestibilities of the meal for 
rats (Leslie et al.1973) and pigs (Sarwar et al.1981) 

Both hydrolyzable and condensed tannins have been shown 
to have adverse effects on the performance of mice (Glick 
and Joslyn, 1970), poultry (Clandinin 1967: Vohralvet al: 
1966) and pigs (Almond et al.1979). Yaper and Clandinin 
(1972) and Seth and Clandinin (1973) reported that tannins 
reduced the metabolizable energy of the diet of broiler 
chickens. However, Mitaru et al.(1983) suggest that tannins 
in canola hulls have no deleterious effect on the nutritive 


Value of CM for non-ruminants:. 


2.2.8 Sinapine 

Although the content of choline in CM is nearly three 
times that found in SBM, most of this occurs as Sinapine, 
therester @f 4-hydroxy-3,  S-dimethoxy-cinnamic acid 
(Fenwich, 1982). Clandinin and Heard (1961) reported that 
Sinapine produced no growth depressing effects on chickens. 
However, Sinapine in CM has been suggested to be responsible 
for some of the palatability problems associated with the 


feeding of CM (Clandinin and Heard, 1961; Fenwick and 
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literature concluded that, whilst methods have been proposed 
for the decomposition of the sinapine in CM, the economic 


advantages of such processes are doubtful. 


202.9 Erber 

Canola meal contains a higher crude fiber level than 
SBM (13 percent versus 6 percent) and this may contribute to 
the lower performance observed when CM is fed as the sole 
protein supplement in the diets of young pigs (Aherne et 
aveiO7 7s Castell, 4977) . The *producticn vol slow-fiber -and 
high energy fractions of canola suitable for inclusion in 
animal and poultry diets can be achieved by dehulling 
(Fenwick, 1982). The low-hull fraction contains 
Significantly lower levels of both fiber and tannins and has 
digestibility and metabolizable energy values similar to 
those of SBM (Clandinin and Robblee, 1981). Yellow-hulled 
Strains of CM contain less hull and and the hull contains 
bese sebude stibervand lignin thanwoccur im brown hulls (Bell, 
1984). Further improvement in the yellow seed coat varieties 
with their lower percentages of hulls might improve the 
nutritive value of CM for swine and poultry. However, 
Kennelly et al.(1978) reported that reducing the hull 
content of CM did not result in any significant improvement 


ipeves Nutritivetvalue for swine. 


a 


) 
J jemeere 


a? eee — 
nisd& see 2s@ep5072 “2-8 16:8 


_ 


] : ; 
= 
7 
eee (a0Sl eeutl  sirio 1s een, 2th heme 
; 
ma smut brdnicn eeh.2 (2 S¢s «CA tagieay pf: ave r>rep Eh 
nioe 205,48 Gel 26 MD rede Ceaveda 1 my iswol 9 
je GuiedAl: Anis, fras So dieu Bat as 108m 
hue Jeelbedol. 26° Adét 4fh624 aT i 
Al ieizvioa io: ales’? ive Lose J ; 
: wits / i q =f, = 
= 4% : ig ‘ ‘ 
duet Ade. ettzahes. Pes) T4dl!? 2fen 16 lav gavel: eidaeeitie 
| = ope —> % vavare a 2aetledaraf 405 PEL EAD 
7 beliud-aetiat 11 (080! * eslace® het pone rt fo. @ 


Nnderinds (plant) Bas (Rte Weds | AG eet nuit toe) Oyen 


: ie a 
ste eid ees yi Seu ene Ege | Sne imi??- sas Cae 


_ 4 
7 | | 
_ aslieitast Japa ice wolney Ws, hei paMmay> gus tem sus. : pac 
= rs ar 7 y¢ 
- a 
- ane Ganige | ones aiiud, 15 BSeelnenssg shWol (Shee oe. 


7 , . y 
: ampere + 724ee Sie shies, 75) MO 30 eulge vie 34 


_ 7 


~~ hurt el sricubay 20- beetodss (sternite 2 eh 


7 i a 


ee ee : 
- ‘ - ve 7 - : ‘ad 

nn oe ee Yon ip pers 

: J Py t 


‘sa 
»» hee 


= 


2.3 CANOLA MEAL AS A SOURCE OF PROTEIN FOR SWINE 

Monogastric animals such as swine require a dietary 
source of protein sufficient to meet their essential amino 
acid requirements. It would be desirable that the protein 
requirements of swine for all phases of the life cycle be 
met by using feedstuffs available in the local geographic 
areas where: swine production occurs, Plants will continue te 
supply a very high percentage of the protein in animal 
feeds. In Canada the main source of protein for swine is 
soybean meal (SBM). However, a great deal of research has 
been conducted to determine the nutritive value of canola 
meal (CM) for swine. The primary interest is economic as 
canola can be extensively grown in Western Canada, whereas 
soybeans cannot. 

Several experiments have demonstrated the Superiority 
of CM over rapeseed meal (RSM) (Aherne et al.1977; Clandinin 
and Robblee, 1981). However, historical prejudice against CM 
due to experiences with RSM coupled with difficulties of 
handling two proteins on the farm and low price differences 
per unit protein between CM and SBM has limited the 
inclusion of CM in the diets for swine. 

High fiber, lower energy (Fenwick, 1982), low lysine 
avanlabulityeusaver et alj982)and thetpresence of 
glucosinolates, tannins and sinapine (Bell, 1984) limit the 
amount of CM used in swine diets. Both RSM and CM are 
reported to have a sharp bitter taste (Clandinin, 1960) and 


reduction in the voluntary feed intake of pigs has been 
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reported when RSM or CM were included in swine diets (Manns 
and Bowland, 1963; Bowland and Schuld, 1968; McIntosh and 
Anierne; 198). "lneavreview;, -Ahnerne- etwal.s. (1977) indicated 
that CM was Superior as a protein source to RSM due to its 
low content of glucosinolates. Considering the significant 
reduction in glucosinolate content of CM, there is lack of 
agreement as to the optimum levels of inclusion of CM in the 
diets of pigs (Aherne and Kennelly, 1982). Rundgren (1983) 
in a review noted that this lack of agreement may be due to 
differences in the experimental procedures used in testing 
CM, among such differences are : age and weight of animals 
used, levels of production achieved, basal ingredients used 
and their relative nutritional values, the processing 
methods employed during oil extraction and other 


experimental methods and procedures adopted. 


2.3.1 Canola meal for starter pigs 

Bowland (1975) used 19.5 to 22 percent CM as a complete 
replacement for SBM and did not observe any significant 
depression in weanling pig performance. In another 
experiment, Bowland et al.(1975) fed CM as partial 
replacement for SBM or faba beans in the diet of starting 
pigs. They observed no significant depression in pig 
performance. 

The results of McKinnon and Bowland (1977), suggest 
that CM may be included in starter pig diets at levels as 


hightas 25 percent of the diet, with no significant 
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reduction in piglet performance. Ochetim et al.(1980), 
heponted that levels of 5170to 20spercent CM inthe diet ‘of 
starter pigs (5 to 20°kg liveweight) will significantly 
reduce pig performance. Gold et al.(1976), found no 
reduction in performance when CM was included in the diet at 
a level of 9 percent, however, feed wastage significantly 
increased. Canola meal at 7.5 percent in the diet of starter 
pigs (10 to 32 kg) resulted in a significant decrease in 
growth rate and feed conversion efficiency compared with 
those fed SBM supplemented diets (Castell, 1977). But Salo 
(1980) reported no reduction in performance of pigs (11 to 
25 kg) when 10 percent CM was included in barley-skim milk 
based diets. McIntosh (1983) reported decreased feed intakes 
and average daily gain (ADG) with increasing levels of CM in 
the diet. However, feed conversion efficiency (FCE) was not 
Significantly reduced by inclusion of CM in the diets. 
McIntosh (1983) indicated that CM can safely replace up to 
50 percent (16.6 to 18 percent CM in the diet) of the SBM 
Protein withoutesigqniticantly reducing the growthsrate ar 
PCE of “Starter (pigs =(8 to 25 kgqeliveweight)< The ctrrent 
recommended level of inclusion of CM in diets of starter 


pigs is 12 percent of the diet (Bell and Aherne, 1981). 


2.3.2 Palatability of Canola meal supplemented diets 
Clandinin (1960) suggested that the bitter taste in RSM 
was due to sinapine. Lee and Hill (1980) reported that the 


substances present in CM that may be associated with low 
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palatability are glucosinolates, tannins, and sinapine. In 
another report, Hill and Lee (1980) suggested that the 
glucosinolates in CM are the major factor reducing its 
Pakatabibuty. Chubb (1982) <1n aureview article indicated 
that reduction in feed intake may be due to reduced 
palatability of the meal associated with the presence in the 
meal of fiber, tannins, phytic acid, sinapine, 
glucosinolates, and their breakdown products. 

Experiments with starter pigs fed CM supplemented diets 
have consistently noted a reduction in feed intake (McKinnon 
and Bowland, 1979; Ochetim et al. 1980: McIntosh and Aherne, 
1983). McIntosh (1983) suggested that 5 to 9 weeks old 
piglets were able to detect as little as 5 percent CM in 
their diet and consumed 2.5 to 7 times more of a SBM 
supplemented diet than of a CM diet when given a choice. In 
a free choice experiment, Castell (1980), observed that pigs 
preferred diets containing lower levels of CM. The use of 
selected flavors or feed processing procedures may: 

1. increase the acceptance of diets of low palatability, 

2. further increase intake of palatable diets 

3. increase acceptance of diets during periods of stress 
(Bradley,1978). 

Success in the use of flavors for these purposes has 
been variable, partly because feeds preferred in free choice 
Or Single stimulus *tests do mot necessarily result in 
improved performance under conventional feeding practice 


McLaughlin €teals 1988) ~—Aldinger et al.(1959) reported that 
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Pigs preferred sucrose to glucose or saccharin in 
free-choice tests, but the performance of pigs offered feed 
WIth Sucrose did wot differ from thateof pigs offered feed 
containing glucose. McIntosh (1983) reported that no 
Significant differences in feed intake or pig performance 
were attributed to the addition of monosodium glutamate 

(0, 1S.percent) dextrose (10 percent) and corn oil) (4) tons 
percent) to diets in which CM replaced 50 or 100 percent of 


the protein supplied by SBM. 


2.3.3 Canola meal for growing-finishing pigs 

Aherne and Kennelly (1982) in a review indicated that 
most of the research determining the nutritive value of CM 
Bore pigs “Unvol ved crowing—finishang- pigs G20 to 100mKkd 
liveweight). In several of these experiments it is 
frequently impossible to separate the performance of the 
Pigs during the growing and finishing periods. However, 
National Academy of Sciences - National Research Council, 
(NAS-NRC, 1979) indicated that growing pigs (20 to 60 kg 
liveweight) have different nutritive requirements than 
finishing (60)'to 100’ kg)! hogs, and therefore should ibe fed 
different nutrient levels. 

When CM completely (11.5 percent of the diet) replaced 
the SBM supplement in the diets of pigs from 6 to 100 kg 
liveweight, the performance of barrows fed the CM 
supplemented diet was not significantly different from that 


of barrows fed the SBM control diet (Bowland, 1974). 
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However, gilts fed the CM basal diet had lower average daily 
feed (ADF), average daily gain (ADG) and feed conversion 
efihiereney (PCH) thanegilts fedtthe GBM control adiet: 
Bowland (1975) suggested that CM may completely (20 percent 
of the diet) replace SBM in diets of starting-growing pigs 
with no depression in performance. Bell (1975) reported that 
ADF, ADG, and FCE were depressed as the level of CM in the 
diets of growing-finishing pigs increased but the 
differences were not significant. Castell,(1977) observed a 
Significant reduction in pig performance when SBM was 
replaced by 12.5 percent CM in the diets of 
growing-finishing pigs. 

Infa ‘study with rats Pana pigs, “Orok ‘ét al.( 1975); 
reported that ADF, ADG, and FCE were significantly reduced 
when CM completely (19.8 percent CM) replaced SBM in diets 
of pigs and rats. McKinnon and Bowland (1977) observed that 
complete substitution of SBM by 19.8 percent CM in the diet 
ef growing pigs Significantly reduced ADG and FCE. In 
contrast, Rowan and Lawrence (1979) included CM at levels as 
Higimiase25epercent ofithe dret fot pigs irom 20%to 71s "kg 
liveweight with no significant reduction in growth rate or 
FCE. However, in another experiment Singham and Lawrence 
CLOT 9D) ereperted that the imclustom of #23 one25 percent. CM «in 
PROMO LOLSG A OLM DI OoMmaEromycs tO 67 kg Signiticantly reduced 
growth rate and FCE. Aherne and Lewis (1978) reported that 
gilts (20 to 60 kg liveweight) fed a SBM supplemented diet 


grew significantly faster, and had better FCE than those fed 
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CM supplemented diets. However, partial replacement of SBM 
protein by ‘CM protein (9 percent of the diet) or total 
replacement, (19 percent) did mot significantly. affect the 
growth rate or FCHE of the gilts: during the period Erom 60 to 
100 kg liveweight. 

In a review, Aherne and Kennelly (1982) reported that 
there were no significant differences in performance of pigs 
fed diets containing 10 or 20 percent of a French low 
glucosinolate rapeseed meal (LGRSM) during the growing (30 
to 60 kg) or finishing (60 to 100 kg) periods. However, the 
overall results (30 to 100 kg) indicated that pigs fed diets 
containing the 20 percent LGRSM had a slower growth rate and 
poorer FCE than SBM supplemented diets. No significant 
effects on any of the carcass meaSurements were noted. Bell 
ebjals(1984) fed Ssor 15 percent.GM in theadiets ofspigs 
from 23 to 88 kg liveweight and observed a significant 
reduction in growth rate and FCE, but no such differences 
were observed with pigs fed a 10 percent level of CM. There 
was a significant 7 or 8% advantage from amino acid 
supplementation of 15% CM diets when lysine and iodine 
treatments were combined(Bell et al.1981) In a review, Bell 
and Aherne (1981) indicated that levels of 15 percent CM in 
the diets of growing-finishing pigs would not significantly 
reduce pig performance. 

A review of the literature involving the feeding value 
of CM for finishing pigs (60 to 90 kg liveweight) would 


suggest that» CM can replace all of the protein supplement 
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without adversely affecting performance or carcass quality 
(Bowland, 1976; Aherne et al.1977; Aherne and Kennelly, 
1982). Aherne and Kennelly (1982) suggested that when CM is 
fed during the entire period (20 to 100 kg liveweight) or 
during the finishing period (60 to 100 kg liveweight), it 
may be usedrat  108to) 15° percent of the diet (total 
replacement of SBM) without significantly affecting growth 


Hoe, PCheOr Carcass quality, 


2.3.4 Digestibilities of CM by growing pigs 

Studies of the utilization of CM by starting and 
growing pigs have usually indicated that complete 
Substitution of CM for SBM in diets resulted in a depression 
in feed intake and growth rate, but partial substitution 
usually had no significant influence on pig performance. 
This depression in performance has sometimes been 
accompanied by lowered digestibilities of energy and 
nitrogen in the diet. 

Bowland (1975) reported no significant differences in 
the apparent nitrogen utilization whereas McKinnon and 
Bowland (1977) observed lower digestibility of energy, 
nitrogen and amino acids with complete replacement of SBM 
with CM. However, Bell et al.(1981) indicated that there 
were no Significant treatment differences with the 
coefficients of digestibility for dry matter, energy, and 
protein in diets supplemented with SBM and CM or with CM as 


the sole protein supplement. Despite similar apparent 
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digestibility coefficients for protein in CM supplemented 
diets, Sauer et al.(1981) showed that availability of amino 


acids in CM is generally lower than in SBM. 


2.3.5 Carcass measurements 

The carcass quality of pigs fed CM diets have usually 
been similar to those of pigs fed a control diet (McKinnon 
and Bowland, 1977; Aherne and Lewis, 1978: Castell, 1977). 
In a conclusion from a review, Rundgren (1983) stated that 
the taste quality of meat from pigs fed CM diets did not 


differ significantly from that of hogs fed SBM supplemented 


diets. 
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-6 OBJECTIVES 


The objectives of these studies were: 

To determine the optimum nutritional level of inclusion 
of Canola Meal(CM) in the diets of starting(6-20kg), 
growing(20-60kg) and finishing(60-90kg) pigs. 

To examine the effects, if any, of flavor additives in 
CM supplemented diets fed to starter pigs(4-9weeks). 

To estimate the digestibility of CM supplemented diets 
fed to grower pigs. 

To study the effect of CM supplemented diets fed to 


finishing pigs on carcass quality. 
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3. GENERAL EXPERIMENTAL PROCEDURES 


3.1 Animals and Diets 

A total of 712 crossbred(Yorkshire X Landrace) pigs 
equalized between barrows and gilts was used for these 
studies. Feed(steam-pelleted) was available ad Jibitum from 
self-feeders for all studies except the ‘single stimulus 
experiment. Water was available free-choice in each pen. The 
environmental temperature was maintained at approximately 
25° for the starter and flavor experiments and at 21-23°C 
for the growing-finishing experiments. Pig weight and feed 
intake were recorded weekly. 

Diets were based on wheat, barley, canola meal(CM) and 
soybean meal(SBM). The chemical composition of CM and SBM is 
shown in Table 3.1 and the corresponding amino acid 
compositions are shown in Appendix 1. With the exception of 
digestible energy(DE) all diets met or exceeded the nutrient 
requirement recommendations of the National Academy of 
Sciences -National Research Council (NAS-NRC)(1979) for 
GtaGeing (6. 10.20ko),. growing: (20-cCUkG) anda finishing 
(60-90kg) pigs. 

The percent crude protein, gross energy, dry matter, 
crude fiber, ether extract and ash were determined according 
to the Association of Official Analytical Chemists (AOAC 
(Oat 

Total dietary amino acid levels were determined 


following acid hydrolysis in 6N HCL(Blackburn,1968), using a 
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Table 3.1 Chemical Analysis of Protein Supplements 


Protein Supplements Soybean Meal Canola Meal 
Chemical Analysis 

Dry Matter (%) 90.4 ONeto 
Crude Protein(%) 46.3 359 
Crude Fiber(%) 4.2 Palas 
Ether Extract (%) Phe | 2.5 
Ash(%) See 6.9 
Gross Energy (MJ/Kg) (Wire? ons 
Oxazolidinethione(mg/qg) 0.00 i C2 
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Beckman 121MB amino acid analyser. The amino acid 
composition of diets and NAS-NRC(1979) requirements for 
9-10kg pigs are shown in Appendix 2, for 10-20kg pigs in 
Appendix 3, 20-60kg pigs in Appendix 4 and 60-90kg pigs in 
Appendix 5. The relative cost of the diets were estimated 
with current (June, 1984) quoted market prices per tonne: 
soybean meal, $415; canola meal, $215; wheat, $151; barley, 
$119; and blended animal fat, $507; quoted prices of flavor 


additives per kg: Pig Krave, $6.63; Hy Sugr Ade, $8.06. 


3.2 Statistical Analysis 

Analysis of variance was performed on all the data 
collected according to Steel and Torrie(1980). Where 
appropriate, treatment means were tested for significance 
(P<0.05) using Student-Neuman Keuls(SNK) multiple range test 
when preceded by a significant F-test. Additional analyses 
were computed using linear response where appropriate 


according to Steel and Torrie (1980). 
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Sas GECTIONTA 


3.3.1 Canola Meal as a Protein Supplement for Starter Pigs 


3.3.2 Materials and Methods 
1. Experiment One 

Sixty crossbred (Yorkshire X Landrace) pigs, 3-wks of 
age were weaned and randomly allotted within sex to one of 
five dietary treatments shown in Table 3.2. Canola meal(CM) 
replaced 0, 925,750, 75, or 100 percent.cot the procein 
supplied by soybean meal(SBM). All diets were formulated to 
be isonitrogenous and in terms of digestible energy(DE) to 
be isoenergetic. Diets containing 20% crude crude protein 
(CP) (Table 3.2) were fed to 3wk-weaned from weaning until 
the pigs weighed 10kg liveweight and diets containing 18% CP 
were fed from 10 to 20kqg liveweight as recommended by 
NAS-NRC(1979). The pigs were individually housed in 0.6m X 
1.2m pens with Tenderfoot floors. 
2. Experiment Two 

Sixty crossbred (Yorkshire X Landrace) pigs averaging 
6byikg in weight at 3-4wk of age were allotted to the five 
dietary treatments (Table 3.2) and individually housed in 
jeeMexmieemeslatted sloor pens. Canolasmea ls replaced UF Zo, 
50, 75, or 100 percent of the protein supplied by soybean 
meal (SBM). All diets were formulated to be isonitrogenous 


and in terms of digestible energy (DE) to be isoenergetic. 
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Table 3.2 Formulation and chemical composition of starter 


(6-10kg)pig diets supplemented with soybean meal(SBM) 
and canola meal(CM) 


SBM/CM RATIO 100%SBM 75%SBM 50%SBM 25%SBM 

a 25%CM 50%CM 75%CM 100%CM 
Level of CM in diets(%) 0.0 8.8 16 26.5 35.3 
Ingredients 
Wheat 205.0 2050 20.0 2060 200 
Barley 49.6 45.6 41.4 Sil eee Sia 
Soybean meal 25.4 19.0 bie 6.3 0.0 
Canola meal O20 auras: eed: 26s) Sows 
Blended animal fat O2e lees gee S50 6 oo 
Iodized salt 0.4 0.4 0.4 0.4 0.4 
dicalcium phosphate 2.50 220 2/0 250 ZO 
Ground limestone as hes aS 15 eas 
Starter premix' 10 1.0 10 ike) Tee 
L-lysine(HCl) 0210 Ora Phe WS 0.14 Ores 
Chemical Analysis? 
Dry matter (%) 66.1 86.6 Caos Cieee Oy a2 
Crude protein(%) 19.9 19.9 19.9 19.9 PAD IALE 
Gross energy (MJ/KG) (eae 1556 16.4 1608 ives 
Ether extract (%) pes Del 4.7 6.5 8.0 
Crude’ fiber (%) 4.0 a3 5.0 5.6 6.2 
Ash(%) 6.0 Grn 6.6 6.9 i Bets 
Lysine(%) ies 25 V2 5 1.24 Wa2e 
Relative cost 100 97 96 94 93 


“Starter premix provided the following per kg of diet: 
120mg zinc,12mg manganese,150mg iron,12mg copper, 

0.1mg selenium,500mg choline chloride,5000IU vitamin A, 
BQQLU vitamineD,,221U vitamin E, 12mg niboflavin; 

45mg niacin,200ug biotin,25mg calcium pantothenate, 
30ug vitamin B,2,275mg ASP250 

2Determined values reported on an as-fed basis unless 
otherwise indicated 
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In contrast to experiment one, pigs were fed 20% CP diets 
from weaning to 20kg liveweight. 
2. Experiment Three 

Sixty S-wk-old crossbred pigs (Yorkshire & Landrace) 
averaging 9.8kg in weight were randomly allotted within sex 
to one of five experimental diets shown in Table 3.3. The 
pigs were fed these diets until they reached 20kg 
liveweight. Thirty pigs were individually housed in 0.6m X 
1.2m pens with Tenderfoot floors, the remaining 30 were 


individually housed in 1.2m X 1.2m slatted floor pens. 


Seo son Results 
1. Experiment One 

The @inciusion, of up to,.25./ spercent CMuin thecdiets-of 
6 to 10kg liveweight pigs did not significantly reduce 
average daily feed intake (ADF). However, average daily gain 
(ADG) was depressed (P<0.05) when CM was included in the 
diet at a level of 16.8 percent (Table 3.4). Feed conversion 
efficiency (FCE) was not affected by level of CM in the 
diet. Regression analyses of the data indicated that each 
pepcent additionyort CM to the dret resulted in a linear 
(PaQ,00t)edectease im ADF and ADG of 1299 and i.3¢g 
respectively, with an increase in the average number of days 
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Table 3.3 Formulation and chemical composition of starter 


(10-20kg)pig diets supplemented with soybean meal (SBM) 
and canola meal(CM) 


SBM/CM RATIO 100%SBM 75%SBM 50%SBM 25%SBM 

3S 25%3CM 50%CM 75%CM  100%CM 
Level of CM in diets(%) 00 6.3 2a 19.5 2120 
Ingredients(%) 
Wheat 20:20 2050 20:80 2050 2030 
Barley Sey 8 53.9 BOS Ao 44.8 
Soybean meal (pe lags: 14.6 LUZ 5.4 O20 
Canola meal OO ors per 1S 2 
Blended animal fat 0.4 tes 2.4 3.4 Ao 
Iodized salt 0.4 0.4 0.4 0.4 0.4 
dicalcium phosphate es 1P-5 ies) agus) tio 
Ground limestone be0 eid) i6 ae) 8 
Starter premix' tO ae) 10 1G ee) 
L-lysine (HCl) COs 0207 0.09 OLS Oesh5 
Chemical analysis 
Dry matter Cz} 88.6 ood SSS Coe S607 
Crude protein (%) 1824 hee2 Beal eat tes 
Gross energy (MJ/kg) 15a 16.4 16.4 1629 irre 
Ether extract (%) Pn ae 36 4.9 6.0 Sees: 
Crude fiber (%) 4.4 4.5 4.6 oe, One 
Ash (%) 7.4 Rae, Deel eee 8.3 
Relative cost 100 98 97 96 94 


‘Starter premix provided the following per kg of diet: 
120mg zinc,12mg manganese, 150mg iron,12mg copper,0. img 
selenium,500mg choline chloride,50001IU vitamin A,S500IU 
vitamin D;,221U vitamin E,12mg riboflavin,45mg niacin, 
200ug biotin,25mg calcium pantothenate,30ug vitamin B,2, 
275mg ASP250 
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VCADT) "= 98.7654 .0. 1600 -(% (CM) 4 = 266 

“During the period 10 to 20 kg liveweight ADF and ADG 
were decréased when (P<0.05) CM protein replaced more than 
2) percent of the SBM protein (Table 3.4). Feed conversion 
eltticiency was not Significantly affected by the level of CM 
in the diet. Regression analyses of the results indicated 
that for every percent addition of CM to the diet, there was 
a linear (P<0.001) decrease in ADF and ADG of 9.7g and 7.5g 


and an increase in days on test by 0V32. 


NY CADN) ee pe 90m 00097 CM) ate =a 6 
WUADG)) =o 926= 80.0075 (2 °CM)o reee oo 
VCADU) ==] fe, Os-+) 0.3200) ((% (CM) = re = 290 


Results of the combined periods, 6 to 10 kg and 10 to 
20 kg liveweight (Table 3.4) irrespective of protein levels, 
indicated that pigs fed diets in which more than 25 percent 
of the SBM protein was replaced by CM protein had depressed 
ADF and ADG. The level of CM in the diet did not affect the 
FCE. 
2. Experiment Two 

Results from pigs fed diets containing 20 percent crude 
protein from 6 to 20 kg liveweight indicated that 
replacement of more than 25 percent of the SBM protein by CM 
protein resulted in a significant reduction in ADF and ADG 
(Table 3.5). Feed conversion efficiency was not affected by 
the level of CM in the diet. Regression analyses of the 
results showed that for each percent increase of CM in the 


diet, there was a linear (P<0.001) decrease in ADF and ADG 
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by 3.7 and 2.5g respectively and an increase in ADT by 0.30. 


CADE) = @AG 3 0ncex Un OOS, OM ine 6 
NMVADG)9 = 2 7395a- 30) 0025 () CM) ie = 67 
PNADD) ee 35 eo 2 0.30005 .(7 CM) reamed 


2. Experiment Three 

Feed intake and ADG were significantly depressed when 
CM protein replaced more than 25 percent of the SBM protein 
(Table 3.6). Feed conversion efficiency was not 
Significantly depressed until CM replaced 75 percent or more 
of the SBM supplement. The following regression analyses of 
the results indicated that each percent inclusion of CM to 
the diet resulted in a linear (P<0.001) decrease in ADF and 


ADG by 4.6 and 4.2g respectively and an increase in ADT by 


24 
VCADE) =115625: — 0.0046 (2. CM)Mr ==, 56 
ViCADG ard 5 w= 0, 00425 (9 1CM) Sree 8 
ViCAT Teme Oot 60) 240.08 Coane a= en) 2 


The results of this study showed that CM protein can 
replace 25 percent of the SBM protein without significantly 
reducing ADG or FCE of pigs weaned at 5 weeks and fed 18% CP 


diet from weaning to 20kg liveweight. 


3.3.4 Discussion 

The regression analyses of the results of the three 
experiments indicates that every percent addition of CM to 
the diet would result in reduction in feed intake and growth 


rate. The performance data indicates that when CM completely 
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replaced SBM a significant reduction in performance was 
observed. This does not agree with results of Bowland (1975) 
who reported that complete replacement of SBM protein by CM 
protein (20% CM in the diet) did not affect performance of 
pigs fed the CM supplemented diets. These experiments 
indicate that 25 percent replacement of SBM protein by CM 
PpEOteInvdid noteaftect pig performance. The results of 
McKinnon and Bowland (1977) suggest that CM may be included 
in starter diets at levels as high as 25 percent of the 
diet, with no significant reduction in pig performance. 
However, Castell (1977), Ochetim, et al,(1980) and McIntosh 
(1983) suggest that levels of 17 to 20 percent CM in the 
diet of starter (5 to 20 kg) pigs will significantly reduce 
pig performance. Castell (1977) included CM at 7.5 percent 
in the diet of starter pigs and observed a significant 
decrease in pig performance. This observation agrees with 
the results obtained with pigs fed the 18 percent crude 
protein diet from 10 to 20 kg where more than 6.3 percent CM 
in the diet caused a significant decrease in performance. 
McIntosh (1983) concluded from two starting pig experiments 
that CM (approximately 17 percent in the diet) can replace 
50 percent of the protein supplied by SBM without 
Significantly affecting, the growth rate or the FCER of 
Starter pigs. This observation is consistent with data 
obtained in this study using pigs from 3 weeks of age to 10 
kg (Experiment 1). However, the overall results indicated 


that 50 percent replacement of SBM protein by CM protein 
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caused a depression in performance. 

The slower rate of growth of pigs fed CM supplemented © 
diets compared with pigs fed SBM control diet appears to be 
related to a significant reduction in ADF. Possible reasons 
for the reduction in ADF may be due to the influence of the 
hydrolytic products of the glucosinolates in the CM 
(McKinnon and Bowland, 1979; Ochetim et al,1980; Bell, 
1984), the palatability of the meal (Singam and Lawrence, 
1979; McIntosh and Aherne, 1981), the higher fiber levels of 
CM supplemented diets (Kennelly et al, (1978). Rundgren 
(1983) in a review indicated that the substances in CM 
associated with low palatability are the breakdown products 
of glucosinolates, tannins and sinapine but the products of 
glucosinolates seemed most likely to be associated with 
reduced feed intake. 

The results of these starting pig experiments would 
suggest that CM can safely be included at a level of 8 
percent in the diet of starting pigs (6 to 20 kg liveweight) 


without affecting performance. 
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3.4 SECTION B 


3.4.1 Effect of flavor additives in canola meal diets 


3.4.2 Materials and Methods 
1. Experiment One 

Thirty-six 4-wk-old crossbred pigs were randomly 
allorted within sex to one of Six diets shown in Table 3.7. 
This experiment was designed as a 3 X 2 factorial with diets 
containing 0, 50 and 100 CM percent replacing equal amounts 
of protein from SBM with or without the addition of two feed 
flavors. The flavor additives (Hy Sugr ADE and Pig Krave) 
obtained from Feed flavors International Incorporated, 
Illinios, U.S.A., were added at levels recommended by the 
manufacturers. The pigs were individually housed in 1.2m X 
1.2m Slatted tloor- pens for the 28 day duration of the 
experiment. 
2.Experiment Two 

Thirty 5-wk-old crossbred pigs were individually housed 
in 0.6m X 1.2m flat decks. This feed preference experiment 
employed the Single Stimulus method first described by 
Aldinger and Fitzgerald(1966). With this procedure pigs were 
alternately given access to two of the six diets shown in 
Table 3.7. Bach pig was exposed to one of two diets with or 
without flavor but containing the same CM level. For 
example, a non-flavored diet was placed in the pen for a 4hr 


period followed by a second 4hr period of access to a 
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flavored diet. This feeding pattern was maintained from 
O800hr to 2400hr and repeated for 28 day duration of the 


experiment.The feeder was, however, not changed from 2400hr 


EOe0800hr. 


3.4.3 Results 
1. Experiment One 

Feed intake and weight gain were reduced(P<0.05) as the 
level of CM in the diet increased with or without added 
flavor (Table 3.8). Pigs offered flavored feed containing CM 
as a complete replacement for SBM ate (8%) more (P<0.05) 
than pigs offered the non-flavored feed with the same level 
of CM. Although, the feed intake and growth rate of pigs fed 
the flavored 50:50 SBM:CM diets increased, the difference 
relative to a similar non-flavored diet was not significant. 
Feed conversion efficiency was not affected(P>0.05) by the 
level of CM in the diet or by the addition of flavor, 
however, pigs fed CM supplemented diets without flavor had 
poorer FCE. 
2.Experiment Two 

The preference of starter pigs for flavored or 
non-flavored diets was investigated in expriment two and the 
results are summarized in Table 3.8. The pigs' preference 
for the flavored diet was shown by the increase in the feed 
intake of all the flavored diets compared with the 
non-flavored diets. The increase in feed intake of the 


flavored diets decreased as the level of CM in the diet 
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increased. The corresponding increase in feed intake of 
flavored diets containing 0, 17.6 and 35 percent CM in the 


Giec were 29 7°76 and. 212. 


3.4.4 Discussion 

These results indicate that the flavored subtances (Hy 
Sugr ADE and Pig Krave) did influence feed intake of pigs 
fed CM supplemented diets. However, the increase in feed 
intake of flavored CM supplemented diets decreased as the 
level of CM increased. Several studies have indicated 
possible reasons for the low palatability of CM supplemented 
diets. Singam and Lawrence(1979) suggest that the poorer 
acceptability of CM relative to SBM for pigs might be due to 
tannins. Chubb(1982) concluded that the reduced palatability 
of the CM may be due to the presence of tannins, phytic 
acid, sSinapine, glucosinolates and their breakdown products 
and fiber. 

McIntosh(1983) suggested that pigs were able to detect 
5% CM in the diet and consequently reduced feed intake. 
McIntosh(1983) reported that there was no influence of 
supplementary mono-sodium glutamate, dextrose or corn oil on 
the consumption of CM diets in which CM replaced 50 or 100 
percent of the protein supplied by SBM. The addition of 
flavored subtances in the current experiment did increase 
feed intake of pigs fed CM supplemented diets, however, the 
performance of these pigs was below the performance of pigs 


fed the SBM control diet. Thus, the flavor additives did not 
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completely mask the effects of the subtances responsible for 


low feed intake of the CM supplemented diets. 
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Seo SECTION GC 


3.5.1 Canola meal as protein supplement for 


growing-finishing pigs 


3.5.2 Materials and Methods 
1. Experiment One 

thipty sixeerossbred (Yorkshire & Landrace) pigs with 
an average initial weight of 20.3kg were used in this 
experiment. Eighteen of the 36 pigs had been previously fed 
a 50:50 SBM:CM supplemented diet and the remaining 18 were 
fed a SBM supplemented diet during the starter phase(10-20kg 
liveweight). Nine pigs from each of these groups continued 
on the diet they were fed during the starter phase whereas 
the other 9 pigs were changed to a SBM or 50:50 SBM:CM diet. 
The composition of the diets is shown in Table 3.9. Pigs 
were housed individually in 1.2m X 1.2m slatted floor pens. 
The experiment was terminated when pigs weighed 40kg. 
2. Experiment Two 

Seventy crossbred (Yorkshire X Landrace) pigs with an 
averace initial weignt of 20, ikg weresallotred on the basis 
of sex and weight to one of the five dietary treatment shown 
in Table 3.10. Diets were formulated to contain 16% crude 
protein, but were not equalized for energy. The pigs were 
individually penned in 1.2m % Wo2m partially slatted tloor 
pens from 20 to 60kg liveweght. The pigs were bled by 


anterior vena cava puncture at 45kg liveweight Serum was 
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Table 3.9 Formulation and chemical composition of 


diets for growing(20-40kg) pigs supplemented with 
soybean meal(SBM) and canola meal(CM) 


SBM/CM RATIO 100%SBM 50%SBM 
--- 50%CM 

Ingredient (%) 

Wheat 41. is 

Barley 40. 4 


Soybean meal is 
Canola meal 0 
Blended animal fat 1 
Iodized salt 0 
dicalcium phosphate ibs 
Ground limestone 1 
Grower premix' 1 

0 

0 


DOONNHADVOO™Y 
es st @ 1) C00) Oo 
ODOONN LON OO Ol 


L-lysine(HCl) 2 
Relative cost 10 9 
Chemical Analysis 

Dry) matter (%) 86.6 Sie 
Crude protein(%) 16.3 16.9 
Gross energy (MJ/Kg) ers & 16.6 
Ether extract (%) Dee 302 
Crude fiber(%) 4.3 4.9 
Ash(%) Ae] 4.9 


‘Grower premix provided the following per kg of diet: 
120mg zinc,12mg maganese,150mg iron,12mg copper ,50001U 
vitamin A,5001IU vitamin D3;,221IU vitamin E,12mg 
riboflavin,45mg niacin,25mg calcium pantothenate, 30ug 
Wirt aman 65 42 
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Table 3.10 Formulation and chemical composition of 
non-1isoenergetic diets for growing pigs supplemented 
with soybean meal(SBM) and canola meal(CM) 


SBM/CM RATIO 100%SBM 75%SBM 50%SBM 25%SBM 

cae 25%CM 50%CM LoOnGM 100%CM 
Level of CM in diets(%) 0.0 one eae 10.9 16.8 
Ingredients(%) 
Wheat 40.0 40.0 40.0 40.0 40.0 
Barley 44.8 43.8 42.6 41.4 30°74 
Soybean meal 11.4 8.8 6.4 ES, O30) 
Canola meal Ors. 316 Pas Oe: 16,0 
Iodized salt 0.4 0.4 0.4 0.4 0.4 
dicalcium phosphate ee ez ane ee Wee 
Ground limestone eZ VEZ hee dagee (ae. 
Grower premix' 10 1G 10 12.0 ac 
L-lysine(HCl) 0.01 0702 Gas 0.04 
Relative cost 100 oy) 95 92 88 
Chemical Analysis 
Dry matter (%) 86.6 S609 Ores S62 S81 
Crude protein(%) 1526 16.0 te. 16.0 leno 
Gross energy (MJ/KG) toe) 15.4 tS2 14.9 14.8 
Ether extract (%) (0 least iu 1.4 ea 
Crude fiber(%) 4.3 4.4 4.9 Soa Steer 
Ash(%) 4.2 4.4 4.8 Ace See 


‘Grower premix provided the following per kg of diet: 120mg 
zinc,12mg manganese,150mg iron,12mg copper,50001IU vitamin A 
5001U vitamin|D,,221U vitamin EB, l2mg riboflavin,45mg niacin, 
25mg calcium pantothenate,30ug vitamin B,2, 500mg choline 
ehloride. 
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separated and divided into two portions, for analysis of 
triiodothyronine(T;) and thyroxine(T,) respectively. Samples 
were Stored at =20°C until analyzed. The T, was determined 
by radioimmounoassay with a kit of reagents(T; RIA (PEG) 
Diagnostic Kit, Abbott Labs. Illinois, U.S.A) and the T,) by 
a competitive binding method also using a kit of reagents 
(Ta RIA (PEG)) Diagnostic Kit, Abbott Labs. 1)finois). 
Dysprosium(DyC1l;6H20) was added to each diet at a level of 
10ppm as an inert marker according to procedures described 
by Kennelly et al,(1980). The digestibility coefficients for 
dry matter, energy and protein were determined using the 
instrumental neutron activation analysis (INAA) procedure 
described by Kennelly et al.(1980). Fecal grab samples were 
collected from each pig on days 30, 341 and) 32.08 the test 
period. The fecal samples were frozen, freeze-dried, ground 
and stored for analysis. 
3. Experiment Three 

Two hundred and forty crossbred pigs with an initial 
weight of 20.7kg were randomly allotted on the basis of sex 
and weight to one of five experimental diets shown in Table 
3.11. The pigs were housed in groups of four(two barrows,two 
gilts) in concrete floored pens measuring 1.5m X 3.9m from 
20, to 60kg liveweight. 

One hundred and twenty of the growing pigs when they 
attained 60kg liveweight continued on the same experimental 
diets but the crude protein level was reduced to 14%. The 


growing-finishing pigs were kept in the same pens from 60 to 
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90kg liveweight. Pigs were marketed through a commercial 
Slaughtering plant as the average weight in the pen 
approached 90kg liveweight at the weekly weighing. Canadian 
grade index and record of performance (ROP) measurements 
(Canada Department of Agriculture,1971) were recorded for 
each carcass. The ROP yield, which is an estimate of the 
percentage yield of wholesale cuts, was calculated from the 


formula: 


Y=51.68-1.273TBF+.161LEA+48.5HW/SW+.827HLA/HW 


where TBF=The sum of three backfat depth (shoulder, 
midback, and loin) 
LEA=Loin eye area, in cm? 
HW=Ham weight, in kg 
SW=Side weight,in kg 


HiAsArea of lean in “the ham face Wn cm: 


3.5.3 Results 
1. Experiment One 

No significant effect of CM supplementation on pig 
performance was observed(Table 3.12). However, pigs fed the 
SBM supplemented diet grew faster (p>0.05) than pigs fed CM 
Supplemented diets during the growing period. Previous 
exposure to CM supplemented diets or lack of rin gootaliel Tels 


influence ADF or pig performance during the experimental 


period. 
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2. Experiment Two 


When diets were not isoenergetic ADF tended to increase 
as level of CM in diet increased (Table 3.13). Growth rate 
was depressed (P<0.05) when CM replaced more than 75% of the 
SBM Supplement. However, FCE was not significantly affected 
by an increase in the level of CM in the diet. The following 
regression equations indicate that every percent addition of 
CM to the diets would result in 5.6g increase in feed intake 
and 6.69 reduction in growth rate. 

Y(ADF)=2.02+0.0056(%CM) r=.17 

Y(ADG)=0.80-0.0068(%CM) r=-.45 
A linear (P<0.001) increase in the number of days on 
test(ADT) was observed as the level of CM in the diet 
increased as indicated by the following regression equation: 

Y(ADT)=51.79+.4418 (%CM) r=.45 

Although the pigs fed the CM supplemented diets had 
lower apparent digestibility coefficients for energy, 
protein and dry matter than those of pigs fed the SBM 
control diet, the differences were not significant (Table 
3.13). Serum T, and T, concentration of pigs at 45kq 
livewerght were not Significantly affected by che level sor 
CM in the diet(Table 3.13). However, there was a tendency 
for plasma thyroid hormone levels to decrease with an 


increase in CM in the diets. 
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3. Experiment Three 


Grower Period 


No significant differences in ADF and FCE were observed 
with inclusion of CM in the diet, though there was the 
cendency for each of these criterda to deteriorate with the 
inerease in CM in the diets) (Table 3.14). Daily gain was 
lower (P<0.05) for pigs fed diets in which 75 percent or 
more of the SBM protein was replaced by CM protein (13.2 
percent CM in the diet). Regression analyses of the results 
indicate that for each percent addition of CM in the diet 
there was a 3.2g reduction in ADF, a 4.4g depression in ADG 


andvan ancrease of .23 days) to! grow trom from 20; to 60) kg. 


¥(ADF)) = 1.86 — 0.0032 (% CM) a => —.*12 
V(ADG) “177m 0 20044 66% CM) c= a9 
VCADT hae 5o0 tee 025 60PEC% (CM) > repens 2 


Finisher Period 

Complete replacement of SBM protein by CM protein in 
thesdiets of finisher pigs did mot iwatfect (P=0.05)) any or 
the parameters studied (Table 3.14). Regression analyses of 
the results showed that for each percent addition of CM to 
the diets resulted in 2.3g decrease in ADF and 6g reduction 
in growth rate. The number of days taken to grow from 60 to 
90 kg liveweight increased by 0.25 for every percent 


addition of CM to the diet. 
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ViADE) <=92.73 = 0200230 CM er = 10 
VCADG) = 902939" = "0.006 (4 °CM)r = ~239 
VCADT) Go er24e+ 4,253: (%0CM). ra= 26 


Overall period (20 to 90 kg liveweight). 

Canola meal supplementation of the diets increased the 
number of days required by the pigs to reach market weight 
(Table 3.14) and also reduced average daily gain (P<0.05). 
There was a decrease (P<0.05) in ADF as the level of CM in 
the diet increased. Feed conversion efficiency decreased 
when CM replaced 50 percent of the protein or more of the 
SBM protein supplement, but the differences were not 
Significant. 

A summary of the results of the carcass meaSurements is 
presented in Table 3.15. While there were no significant 
treatment differences in final weight, pigs fed the 100 
percent CM supplemented diet had lower killing-out percent 
and lower carcass weights (P>0.05). There was a trend for 
total backfat (the sum of three meaSurements: shoulder, 
back, and loin) to decrease as the level of CM 
Supplementation in the diets increased. Ham weight, area 
lean in ham, commercial grade index and ROP score showed no 


Significant differences across treatments. 


3.5.4 Discussion 
Canola meal inclusion at any level from 4.9 percent to 
19.6 percent of the diet of growing and finishing pigs did 


not significantly affect the feed intake. These results are 
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consistent with those of other experiments (Bell, 1975; 
Castel), 91977; McKinnontand Bowland.) 19772 Aherne and Lewis, 
1978). The regression analyses of the results indicated that 
Por every percent addition of “CM to the diet of grower pigs 
fed isonitrogenous and isoenergetic diets, ADF and ADG 
decreased by 3.3 percent and 4.4 percent respectively. Pigs 
fed the CM supplemented diets, however, had lower growth 
Paves and GpoGrer srek. 

Petersen and Schulz (1978) observed that feed intake of 
pigs fed isonitrogenous but not isoenergetic diets increased 
with decreasing energy content, making the energy 
comsumption between treatments equal. The results of 
experiment two confirms this observation. Several studies 
have shown that all of the supplemental protein in growing 
pig diets can be provided by CM without significantly 
reducing performance (Omole and Bowland, 1974; Bowland, 
1975; Bell et al. 1981). However, Aherne and Lewis (1978), 
and McKinnon and Bowland(1977) observed a significant 
reduction in feed intake when CM completely replaced SBM 
Supplement im diets of “growing pigs. The results of the 
Current experiments also indicated that complete replacement 
of SBM protein by CM protein produced a reduction (P<0.05) 
in Growth tates of the pigs. Bellvetsal; (1981) reported 
that poorer growth rate ‘and FCE resulted tas the cM level 
increased in the diets from zero to 15 percent. Kennelly et 
al, (1978) and Aherne and Lewis (1978) reported that growth 


rate and FCE may be significantly reduced when CM 
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constitutes levels as low as 9 to 10 percent of the diets of 
growing pigs (20 to 60 kg). The present work suggests that 
13. percent CM or more in the diets of growing pigs may 
Significantly depress their growth rate. 

Aherne and Lewis (1978) reported that CM could serve as 
a complete replacement for SBM in diets of finishing pigs. 
In the present study moderate depression (P>0.05) in ADF, 
ADG, and poorer FCE'sS were noted when CM totally replaced 
SBM in the diet of finishing hogs, but the effects were not 
Siqgmifticant. 

Canola meal supplementation to diets of finishing pigs 
did not affect carcass meaSurements (McKinnon and Bowland, 
1977; Aherne and Lewis, 1978). These observations agree with 
the results reported in this experiment where no significant 
differences were found in carcass weight, dressing 
percentage, ham weight, area of lean in ham, commercial 
grade index and ROP score. However, total backfat and loin 
eye area decreased (P<0.05) as the level of CM in the diet 
increased. Aherne et al.(1977) concluded that for finishing 
pids (60 to 90 kg) CM can be used effectively to provide all 
of the supplemented protein without significantly reducing 
ADF, ADG, FCE or carcass quality of hogs. 

The results of experiments reported herein indicate 
tate CM oroteinacans=replace 7 percent (13 percent CM in the 
diet) of the SBM protein in the diets of growing pigs (20 to 
60 kq liveweight) and total (12 percent CM in the diet) 


replacement in the diets of finishing pigs (60 to 90 kg 
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4. GENERAL SUMMARY AND CONCLUSIONS 

The experiments reported herein indicated that canola 
meal (CM) as the only protein supplement in diets based on 
wheat and barley for starting, growing and finishing pigs 
resulted in reduced feed intake and pig performance compared 
with pigs fed soybean meal(SBM) supplemented diets. 
Generally feed conversion efficiencies (FCE) were not 
affected by the level of CM in the diet for all phases of 
pug growth. 

Regression analyses of the results of 3wk-weaned pigs 
fed a 20% CP diet to 10kg liveweight indicated that for 
every percent addition of CM to the diet resulted in 
reduction in ADF and ADG of 1.9g and 1.3g respectively. 
However,there was no Significant difference in performance 
when CM protein (16.8% CM in the diet) replaced 50% of the 
SBM protein. When the protein level of the diets was reduced 
to 18% CP and’ fed to the pigs from 10kg to 20kg liveweight, 
performance deteriorated when CM protein replaced more than 
CoEpercent Of the 'SEM (protein. whe Hesulkts of sche 
experiments in which pigs were fed from 6 to 20kg liveweight 
with CM supplemented diets containing 20% CP indicated that 
replacing 25% or more of SBM protein with "M protein 
resulted in’ a Significant reduction in performance. 

There waS no advantage in feeding the pigs a 20% CP 
diet from 6 to 20kg liveweight over feeding them two levels 
of protein in the diet(20% CP from 6 to 10kg and 18% CP from 


10 to 20kg liveweight). This confirms the recommendation by 
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NAS-NRC(1979) to feed two levels of protein to starting 
pigs. The performance of 3wk-weaned pigs fed CM supplemented 
diets to 10kg and 20kg liveweight, was better (p>0.05) than 
pigs weaned at five weeks and fed CM supplemented diets to 
20kg liveweight. This observation may suggest that the young 
pig requires a period of time, after weaning, to adapt to 
its new environment before it exhibits complete acceptance 
to its new diet. Generally,the starter experiments indicated 
that CM can be included in the diets of starting pigs (6.to 
20kg liveweight) at a level of 8 percent without affecting 
performance. 

Although flavor additives did increase the feed intake 
of CM supplemented diets, the increase in feed intake 
decreased as CM level in the diets increased. The usage of 
the flavor additives increases the cost of the feed by 4 
percent. The flavor additives did not improve the 
performance of pigs fed CM supplemented diets, compared with 
the SBM control with no flavor additives. Thus the 
relatively high cost of the flavored diets seem to indicate 
that not much benefit may be accrued from supplementing CM 
diets with flavor additives. 

The grower experiments would indicate that CM can be 
included in the diets of growing pigs (20 to 60kg) at a 
level of 13 percent without affecting performance. The low 
digestible energy of CM compared with SBM increases the cost 
of CM diets due to the supplementation of CM diets with 


blended animal fat. The growth rate of growing pigs fed 
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1soenergetic diets was similar to pigs fed diets not 
Supplemented with blended animal fat. Apparent digestibility 
coetticients of dry matter, protein and energy in diets with 
CM supplementation was Similar to SBM control diet. However, 
a trend towards lower digestibility coefficients with 
increase in CM in the diets was apparent. This trend could 
be due to the high fiber levels of the CM supplemented 
diets. 

Complete replacement of SBM protein supplement by CM 
(12 percent CM) in the diets of finishing pigs (60 to 90kg 
liveweight) had no significant effect on performance. 
However, the number of days to attain market weight 
increased (P>0.05) with the level of CM in the diet. Average 
total backfat and loin eye area decreased with increase in 
CM in the diets. This observation may be attributed to the 
slower growth of pigs fed the CM Supplemented diets. 

These studies would suggest that the current 
recommended level of 12 percent CM in the diet of starter 
pigs (6 to 20kg liveweight) may be high. However, the 
optimum level of inclusion of 13 percent CM for grower pigs 
(20 to 60kg liveweight) and 12 percent CM for finisher pigs 
(60 to 90kg liveweight) does not negate the current 
recommended levels of 10 to 15 percent CM for grower and 
complete substitution for finisher pigs. 

The feed intake and growth rate of the starter pig are 
Suppressed when fed diets with increasing levels of CM, 


however ) the PCE! S are affected to a lesser extent. Tt seems 
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that the problem of feed intake is not associated with 
bitterness per se but may be as a result of metabolic 
disorders due to the anti-nutritive factors in CM. Further 
studies could be performed to determine precisely what 
causes the low feed intake of canola meal supplemented diets 


and how to overcome those depressing effects. 
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Composition of Protein Sources 


Protein source 


Essential AA 
Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Valine 


Non-Essential AA 
Alanine 

Aspartic Acid 
Cystine 

Glutamic Acid 
Glycine 

Proline 

Serine 

Tyrosine 
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‘SBM - Soyaben Meal; CM - Canola Meal 


2Nitrogen contained in AA expressed as a percentage of 
total nitrogen in diets 
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